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ABSTRACT

This thesis describes the development and validation of

a naval battle model which incorporates a tactical theory by

Captain Wayne P. Hughes, Jr. Opposing forces are portrayed

as aggregations of the staying power and combat power :f their

individual platforms. Attrition is modeled as a force-on-

force process and is expressed in terms of the degradation of

each force's combat power and staying power throughout the

engagement. User variation of model inputs concerning the

timing, direction and strength of each force's fire permits

analysis of the impact of scouting effectiveness and C2 on

battle dynamics.

Data from fourteen historical naval battles were gathered

to compute model input parameters for the opposing forces and

their interactions. The model's prediction of the outcome is

compared with each battle's actual outcome. The conclusion

drawn from this analysis is that the model is a fair

representation of reality.

The model's potential for practical application is

explored by using it to analyze the tactical options of the

U.S. commander at the World War II Battle of Savo Island.

Model results clearly indicate the weaknesses in U.S. tactics

in this battle and suggest alternative tactics which afforded

a better chance of success.
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I. INTRODUCTION

A naval battle model's purpose is to assist the tactical

planner in thinking about how best to employ his forces to win

a battle. To be useful, such a model must be able to handle

complex scenarios, be simple to implement and use, and produce

credible results. It must also be built upon assumptions

grounded in sound tactical theory.

Captain Wayne P. Hughes, Jr. has developed the theory upon

which a model can be built. He has summarized it in four

simple statements [Ref. 1]:

- Naval warfare is attrition centered. Attrition comes
from successful delivery of firepower.

- Scouting is a crucial and integral part of the
tactical process.

- Coituiana and control transform firepower and scouting
potential into delivered force upon the enemy.

- Naval combat is a force-on-force process involving, in
the threat or realization, the simultaneous attrition
of both sides. To achieve tactical victory, ene niist
attack effectively first.

While Hughes' theory has received wide acceptance, there has

never been an attempt to translate it into a model which can

assist naval officers in the planning of sound battle tactics.

A. ESSENTIAL CHARACTERISTICS OF A NAVAL BATTLE MODEL

A naval battle model must be characterized by simple

measures of the aggregate combat power and staying power of

the opposing forces as well as a means of expressing their

1



simultaneous attrition in battle. Additionally, the model

must afford the user the opportunity to vary inputs concerning

the allocation and deployment of platforms and the timing and

direction of fire. This allows the user to analyze the impact

of C2 and effective scouting on a battle's dynamics. These are

the characteristics of a model firmly grounded in Hughes'

tactical theory.

B. INADEQUACY OF EXISTING FORCE-ON-FORCE ATTRITION MODELS

Lanchester-type force-on-force attrition models portray a

battle with differential equations which represent the

interaction of the opposing forces. Battle outcome is

represented by the number of firing units, usually men, lost

on each side. A key assumption underlying much of Lanchester

theory, however, is that each firing unit fires the same kind

of ammunition, at the same rate, with the same accuracy as all

other firing units. In modelling land combat, this assumption

may not seriously weaken the model since the deviation of the

principal combatant's (soldier, tank, or artillery piece)

combat power, rate of fire, and accuracy from the values

embodied in the model are probably not great. Naval vessels

(platforms), however, differ greatly in armament and ability

to take punishment. It is, therefore, unrealistic to model

heterogeneous mixes of platforms as homogeneous "firing

units". Additionally, Lanchester-type models are inadequate

for representing the processes of scouting and C2 since their

focus is strictly on attrition.

2



C. PROBLEMS OF VALIDATION

Most battle models have a credibility problem. This stems

from the fact that no serious attempt has been made to

validate them. According to Clayton Thomas [Ref. 2)

validation is a problematic issue:

...validation involves testing the agreement of a
model.. .with reality. One is required, therefore, to
establish what is "reality" and what constitutes "adequate
agreement", and to specify what sort of pronouncements are
to be made in the respective cases of agreement and non-
agreement. Each of these steps, even in the simplest
case.. .poses fundamental and profound difficulties.

Determining what is to be the standard of reality is

perhaps the most difficult problem encountered in the

validation process. The two primary candidates are exercise

results and historical combat data. Exercise results have the

virtue of being drawn from a designed experiment. Therefore,

they are usually complete, specific, and easily measured.

Unfortunately, they are only as valid as the assumptions made

in designing the experiment. Combat data have the virtue of

being drawn from real life and are, therefore, free of

underlying assumptions. The difficulties involved in

researching combat data and verifying their accuracy,

however, have caused many modelers to shy away from this

approach. Yet, the fact that historical data are drawn from

real life makes them, potentially, the most powerful tools for

validating a battle model. Corroborating a battle model's

results by comparing its prediction of the outcome of a

3



historical battle with the actual outcome would lend the model

a high degree of credibility.

D. RESEARCH GOALS

A naval battle model which incorporates Hughes' tactical

theory would help line naval officers put that theory into

practice. The goals of this research, therefore, have been

to:

- Develop a naval battle model which incorporates
Hughes' tactical theory.

- Corrcborate the model's results by comparing its
predictions of historical battle outcomes with the
actual outcomes.

- Demonstrate the model's value as a tactical planning
tool by using it to evaluate the tactical options of
one of the opponents in a historical naval battle.

This report describes the results of the resea.rch and is

submitted to generate interest in the development and

implementation of naval battle models for use in the fleet.

4



II. MODEL DESCRIPTION AND VERIFICATION

A. INTRODUCTION

This chapter will describe how the model and the computer

program into which it is incorporated work and summarize the

program verification procedure.

B. DEFINITIONS

The following terminology will be used throughout.

1. Firepower Kill

A platform which has suffered a firepower kill has

suffered damage sufficient to prevent it from contributing

combat power to the force.

2. 1000 Pound Bomb Equivalent (TPBE)

TPBE is a unit of destruction equal to the explosive

power of 660 pounds of TNT (the explosive charge of a U.S.

World War II - vintage 1000 pound bomb). The explosive power

of all weapons will be expressed as multiples of 660 pounds

of TNT contained in the warhead.

3. Theoretical Combat Power

Theoretical combat power is defined in two broad

categories.

5



a. Continuous (FC)

FC is defined for individual platforms. It is the

number of TPBE's which a platform's main battery guns can fire

per minute.

b. Pulse (FP)

FP is defined for each "pulse weapon" type carried

by a platform. Pulse weapons are weapons which deliver

instantaneously a massive amount, or pulse, of firepower

against a target. Such weapons include missiles, bombs, and

torpedoes. The FP of a given weapon type is the number of

TPBE's which the platform can fire in a single salvo.

4. Weapon Effectiveness

Weapon effectiveness is defined in the same categories

as theoretical combat power.

a. Continuous (PC)

PC is defined for groups of platforms which fire

as a single unit. It is the probability that a single shell

fired from a group's main battery will strike its target.

b. Pulse (PP)

PP is defined for each type of pulse weapon fired

by a group of platforms firing as a unit. It is the

probability that a single pulse weapon will strike its target.

6



5. Effective Combat Power

a. Continuous (EFC)

EFC is defined for a group of platforms firing as

a unit. It is the number of TPBE's, fired from a group's main

battery guns, which strike their targets per minute.

b. Pulse (EPP)

EFP is defined for each pulse weapon type carried

by a group of platforms firing as a unit. It is the number

of TPBE's of a given weapon type, fired by a group in a single

salvo, which strike their targets.

6. Staying Power (SP)

A platform's SP is defined as the number of TPBE hits

necessary to inflict a firepower kill on that platform.

C. MODEL DESCRIPTION

1. General Description

Naval combat is modeled as a force-on-force attrition

process. Component groupings of each force are portrayed as

aggregations of the SP, FC, and FP values of their individual

platforms. Attrition is computed in discrete time steps and

is represented by the simultaneous degradation of each force's

aggregate SP, FC, and FP over time.

2. Model Input Parameters--Description and Computation

a. Indices

i = Weapon

j = Platform

7



k = Group of platforms within a force

1 = One of the two forces in a battle (A or B)

1' = The other force

b. Computation of Individual Platform Values

(1) Staying Power. The SP of a platform is

computed as a function of its full load displacement as

follows:

sPjkt = 0.07 x (full load displacement)113  (1)

This equation was derived from analysis of a data set of 75

platforms from World Wars I and II which were determined to

have suffered firepower kills as a result of attacks by

shells, bombs or torpedoes. A full discussion of this

analysis is found in Appendix A.

(2) Theoretical Continuous Combat Power. The

number of TPBE's which can be fired by a main battery gun per

minute is computed as follows:

weight
fCijkl =----------- ) X Wt9 (2)

660 lbs.

where:

fcijkt = number of TPBE's fired by gun i of
platform j of group k, force 1 per
minute.

weight = explosive weight in pounds of TNT
which the gun fires per minute.

Wtg = 2.5

8



The value of Wt9 was derived from the warship

survivability analysis (Appendix A). It gives added weight to

a gun's shell over a bomb of equal explosive weight apparently

because a shell adds its much greater kinetic energy of impact

to the destructive power of its explosive charge.

The FC of a platform is computed as follows:

fcjkL = E fcijk (3)
ionJ

(3) Theoretical Pulse Combat Power. The number of

TPBE's of a particular type of pulse weapon which a platform

can fire in a single salvo is a function of the number and

distribution of firing mechanisms of that weapon. A cruiser,

for example, with four 24" torpedo tubes mounted on her port

side and four on her starboard side can fire four 24"

torpedoes per salvo. The FP of a pulse weapon type on a

platform is computed as follows:

weight
fPjkt = (------- ) x (# of weapons per salvo) x Wtp (4)

660 lbs.

where:

fPijkt = number of TPBE's of pulse weapon type
i which can be fired in a salvo by
platform j, of group k, force 1.

weight = explosive weight in pounds of TNT of
a warhead of pulse weapon type i.

WtP = 1.25 for torpedoes,
1.00 for bombs

9



The values of Wt were also derived from the

survivability analysis (Appendix A). The additional weight for

torpedoes over bombs seems justified by the fact that a

torpedo damages a platform below her waterline, adding

stability loss through flooding to the damage caused by the

explosion. A weight for anti-ship missiles was not determined

since the survivability analysis included no platforms damaged

by ASM's.

c. Aggregation of Individual Platforms into Groups

A group is a subdivision of a force containing one

or more of that force's platforms. All platforms in a group

fire as a unit. The user determines the number and

composition of each force's groups based on:

- Desired geographic disposition of a force's platforms.

- Sub-division of platforms by type (cruiser, destroyer,
etc.).

- Tactical employment of the platforms (screen, scouts,
main body, etc.).

The aggregate SP of each group is computed as

follows

SPkt Z Spjkt Vk, Vl (5)
jassigned
to group k

The aggregate FC of each group and the FP of each

pulse weapon type in each group are computed as follows:

FC, Z fcjkl Vk, Vl (6)
j assigned
to group k

10



FPikL = Z fPijkt Vi, Vk, Vl (7)
j assigned
to group k

The PC of each group, PCkt, and the PP of each

pulse weapon type in each group, PPikt' are analogous to the

attrition rate coefficients of a Lanchester-type model.

Determination of their value is left to the user and should

be based on experimental results, battle data, or estimation

of own and enemy capabilities.

The EFC of each group and the EFP of each pulse

weapon type in each group can now be expressed as follows:

EFCkt = FCkt X PCkt Vk, Vi (8)

EFikt = FPik t X PPkAL Vi, Vk, V1 (9)

d. Additional Input Parameters

In addition to the SP, FC, and FP values of each

group of both forces, and the associated PC and PP values, the

user inputs into the model information concerning the times

of commencement, duration, strength, and targets of each

group's continuous and pulse fire.

(.) Continuous Fire. Input parameters for each

group's continuous fire include:

- Time steps (one time step = one minute) of
commencement and duration of fire.

- Which groups of the opposing force are the targets of
this group's fire.

11



(2) Pulse Weapon Fire. Input parameters for each

group's pulse weapon fire include:

- Time steps during which the weapons are fired.

- The pulse weapon types to be fired and the number of
TPBE's (up to FPIk) of each type to be fired in each
salvo.

- Which groups of the opposing force are the targets of

each salvo.

- The number of time steps until impact of each salvo.

Finally, the user determines the duration of

the engagement by specifying one of the following:

- Number of time steps to be run.

- The maximum acceptable percent loss in aggregate SP
which each force will sustain before breaking off the
engagement.

3. Model Variables

The aggregate SP, FC and FP values of all groups are

recomputed ateach time step, taking any attrition suffered in

that time step into account. The variables which represent

the simultaneous attrition to each group of both forces at

each time step t are:

SPkL(t) = aggregate SP of group k, force 1 at
time step t.

FCki(t) = aggregate FC of group k, force 1, at
time step t.

FPRkI(t) = aggregate FP of weapon type i, group
k, force 1 at time step t.

The total values for each force at time step t,

therefore, are:

SP i(t) = Z SPkt(t) (10)
k

12



FCj (t ) = Z FCk1 (t) (11)
k

FPL(t)= Z Z FPiki(t) (12)
i k

4. Model Logic

The model is incorporated into a computer program

coded in FORTRAN 77. Using the input parameters computed or

specified by the user, the program:

- Starts and stops each group's continuous fire.

- Computes attrition to each group being fired on at
each time step throughout the specified duration of
the continuous fire.

- Fires pulse weapon salvoes and computes attrition to
the target groups at each time step in the future when
the salvoes strike their targets.

- Stops the engagement when the specified conditions for
cessation are met.

A complete program listing is found in Appendix C.

The program computes attrition at each time step

against those groups which are undergoing continuous fire or

being struck by pulse weapons during that time step.

a. Continuous Fire Attrition

If continuous fire is taking place during the time

step, the program sums the current aggregate SP values of the

groups under attack:

TS = SP k1 (t-l) (13)
k being
attacked
by I'

where:

SPkt(t-l) = SP of group k, force 1 at the end
of time step t-l.

13



The program then computes the aggregate EFC of the attacking

groups as follows:

AEFC = k FCk W (t-l) X PCkt, (14)
k firing

from I'

where:

FCkt,(t-l) = FC of group k, force 1' at the
end of time step t-l.

Finally, the continuous fire loss percentage, LC, is computed

as follows:

LC = AEFC (15)
TS

LC is applied to the SP, FC, and FP values of the

target groups. These values are updated for all groups of

each force at each time step as follows:

SPkt(t) = SPkt (t-l) x (1-LC) Vk under attack. (16)
= SPkL (t-l) otherwise. (17)

FCkt(t) = FCkt (t-l) x (I-LC) Vk under attack. (18)
= FCkL (t-l) otherwise. (19)

FPik t (t) = FPik t (t- 1 ) x (I-LC) Vk under attack. (20)
= FPkt (t-l) otherwise. (21)

b. Pulse Fire Attrition

If a pulse weapon salvo is striking its target,

the program sums the current SP values of the groups being

attacked as before. The program then computes the aggregate

EFP of the salvo as follows:

AEFP = PULSE,, x PP, (22)

14



where:

PULSE,, = FP of the salvo fired from force 1'.

PP11 = PP of the salvo fired from force 1'.

Finally, the pulse fire loss percentage, LP, is computed as

follows:

LP = AEFP (23)
TS

LP is applied to the SP, FC, and FP values of the

target groups. The updated values for all groups are computed

in the same manner as following continuous fire attrition with

LP replacing LC in equations (16), (18) and (20).

Once the updated values are computed for each

group, the program computes the updated totals for each force

using equations (10), (11) and (12). These totals, reflecting

each force's aggregate SP, FC, and FP at the end of the time

step, are printed in an output file for analysis by the user.

When the program stops the engagement, the total

percentage lost of each force's SP, FC, and FP are computed

and printed in the output file. A sample output file is found

in Appendix C.

D. ALGORITHM VERIFICATION

The program was verified to be logically correct by

calculating and inputting parameters designed to test the

program's intricacies. The program's output was then compared

to a hand-calculated result.
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The input parameters included:

- Division of each force into more than one group.

- Assignment of different SP, FC, PC, FP, and PP values
to each group.

- Variation of the combat interaction among the groups
including one against one and two against two
continuous and pulse fire.

The hand-calculated result, which represents how the

algorithm should perform, and the model result, which

represents how it actually performs, were found to be

identical.

E. CONCLUSIONS

From the foregoing, it can be seen that a naval battle

model has been developed which:

- Portrays naval forces as aggregations of the staying
power and theoretical combat power of heterogeneous
mixes of platforms.

- Models the engagement of these forces as a
force-on-force attrition process with attrition
suffered via continuous fire and/or through the impact
of pulse weapons.

- Permits the user to vary inputs concerning the time,
strength, target and duration of each force's fire in
order to explore each force's tactical options.

- Computes attrition to the opposing forces
simultaneously throughout the engagement and provides
a result in terms of the percent SP, FC and FP lost by
each force.

These are precisely the criteria which were set forth

above for a naval battle model which embodies the essence of

Hughes' tactical theory. It seems, therefore, that the model

16



is an appealing one. The acid test, however, is to use it to

analyze actual data to determine if it performs as advertised.

17



III. GATHERING HISTORICAL DATA FOR MODEL VALIDATION

A. INTRODUCTION

Hixon and Hodges [Ref. 3] have succinctly stated a major

inadequacy of current combat models:

Combat simulation models have almost no empirical basis
at all. One reason for this appears to be a general
belief that relevant data don't exist. This apparent
belief is false: historical archives are full of detailed
data relevant to a range of combat activities....

One of the major goals of this work has been to take a step

toward remedying this shortcoming by using historical naval

battle data in the process of model validation. To achieve

this goal, it was necessary to gather data relevant to the

analysis. This chapter will describe the process of

identifying the relevant data and summarize the data gathered.

B. NAVAL BATTLES TO BE STUDIED

The first step in the data gathering process was to

determine the battles from which data would be drawn.

Research was limited to twentieth century naval battles

primarily because there are many published accounts of them.

The battles were divided into three categories.

1. Continuous Fire Battles

Continuous fire battles are those in which gunfire was

applied continuously by each side as the primary means of

inflicting damage. The battles selected in this category are:
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- Coronel, 01 November 1914.

- Falkland Islands, 08 December 1914.

- Dogger Bank, 24 January 1915.

- River Plate, 18 December 1939.

- Komandorski Islands, 25 March 1943.

2. Mixed Fire Battles

Mixed (continuous and pulse) fire battles are tnose in

which one or both sides attempted (usually with success) to

use pulse weapons to decisive effect. Gunfire was still used,

however, to inflict considerable damage. Battles in this

category are:

- Savo Island, 08 August 1942.

- Guadalcanal (Second Night), 14 November 1942.

- Tassafaronga, 30 November 1942.

- Kula Gulf, 06 July 1943.

- Vella Gulf, 06 August 1943.

3. Pulse Fire Battles

Pulse fire battles are those in which effective combat

power was applied in pulses with continuous gunfire playing no

part. Battles in this category are:

- Coral Sea, 07 May 1942.

- Midway, 04 June 1942.

- Eastern Solomons, 24 August 1942.

- Santa Cruz Islands, 26 October 1942.
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These battles were selected because they allowed the model

to be exercised in fundamentally different scenarios so that

the degree of its potential for broad application could be

determined.

C. IDENTIFICATION OF THE RELEVANT DATA

The process of identifying relevant data from a massive

amount of published information involved answering four basic

questions:

- What data are needed to compute each force's
theoretical combat power?

- What data are needed to estimate each force's weapon
effectiveness?

- What data are needed to compute each force's aggregate
staying power?

- What data are needed to portray the interacti~ns of
forces in a battle and a battle's outcome?

Answering these questions provided a systematic approach to

the gathering of data which greatly simplified the research

process.

D. SUMMARY OF DATA GATHERED

1. Weapons Data

Relevant weapons data included those characteristics

necessary to compute the FC or FP of a given weapon.

a. Continuous Weapons

Data was gathered on the main and secondary

battery guns of all platforms in each battle. This data

included:
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- Bore diameter and calibre.

- TNT-equivalent explosive weight of shell.

- Rate of fire in rounds per minute.

b. Pulse Weapons

Data was gathered on platform-launched torpedoes,

aircraft-launched torpedoes, and air-dropped bombs (as

applicable) carried by each platform in each battle. These

data included:

- Designation of the weapon (size, weight, etc.).

- TNT-equivalent explosive weight of the weapon's
warhead.

2. Platform Data

Relevant data included those platform characteristics

which, when coupled with associated weapon characteristics,

permit the computation of a given platform's FC and FP values.

These data included:

- Number and designation of all main and secondary
battery guns.

- Designation, number and number per salvo of platform
fired torpedoes.

- Number and weapon load-out of each type of aircraft
carried.

Additionally, each platform's full load displacement

was needed in order to compute its SP value.

3. Force Interaction

In addition to the characteristics of the weapons and

platforms employed in each battle, data was gathered
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pertaining to the interaction of the opposing forces. These

data included:

- Origin, target, time of commencement and time of
cessation of continuous fire.

- Number of each size of shell which was fired and
number which hit their targets.

- Origin, target, time of fire and time of impact of
each pulse weapon salvo.

- Type of weapon fired, number of weapons fired and
number of weapons which struck their targets in each
pulse weapon salvo (including air strikes).

- Duration (in minutes) of the battle.

4. Battle Outcome

Finally, data were gathered pertaining to the outcome

of each battle including:

- Which platforms suffered firepower kills or were
totally lost.

- Which platforms were damaged.

E. DATA SOURCES

Characteristics of weapons and platforms were drawn from

modern technical works on historical naval forces.

Particularly useful were Campbell [Ref. 4] and Gardner [Refs.

5 and 6]. Data on force interactions and battle outcomes

were drawn from official and unofficial histories. All data

were corroborated with at least two sources. A complete list

of all works consulted is found in the bibliography.
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F. CONCLUSION

The data collected on fourteen twentieth century naval

battles were gathered to compute model input parameters

representing the forces involved in each battle, their

interaction in battle, and the outcome of each battle. The

next chapter will discuss in detail how these data were used

in the process of model validation.
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IV. MODEL VALIDATION WITH HISTORICAL DATA

A. INTRODUCTION

Given the data from each of the 14 battles described in

Chapter III, model input parameters were computed which

represented as closely as possible the SP, FC, and FP values

of the opposing forces as well as the interaction of those

forces in the battle. The model was run using these input

parameters and its results were compared with computed values

representing each battle's actual outcome. Discrepancies were

noted and explained and the model was revised as necessary.

Finally, conclusions were drawn as to the model's validity.

This chapter will discuss this analysis, its results and

the conclusions drawn from it.

B. DERIVING MODEL INPUT PARAMETERS FROM HISTORICAL DATA

1. Determining the Component Groupings of Each Force's

Platforms

The composition of the component groupings of each

force's platforms was determined based on the following

criteria:

- The tactical dis- -sition of each force as it actually
existed in the battle.

- Which platforms fired weapons in the battle.

- Which platforms were the targets of the opposing force's
fire.
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- Whether the platforms in the group had the same main

battery guns.

The last item was only a consideration for those

platforms of the force which actually fired their guns.

2. Computation of Initial Values for Each Group

a. Theoretical Continuous Combat Power

The FC of each component group was determined by

computing the value for all main battery guns on each platform

of the group and then summing the values of all the platforms.

Secondary battery guns were included only if they were fired

with any effect in the battle.

b. Theoretical Pulse Combat Power

FP was determined by computing the value for each

pulse weapon type on each platform and then summing the values

of each type for all of the platforms.

c. Continuous Weapon Effectiveness

Each group's PC was estimated by taking the ratio

of the number of its shells which hit their targets in the

battle to the number of shells fired. If the number of shells

fired could not be found in the historical accounts, it was

estimated for each group as follows:

NSkL = NMBGk( x MROF x DOFkL (I)

where:

NSk L = estimated number of shells fired by the main
battery guns of group k, force 1.

NMBGkL = number of main battery guns carried by all
platforms in group k, force 1.
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